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Description 

[0001] The present invention relates to a process for 
producing a crystalline aluminosilicate zeolite from a re- 
action mixture which contains only sufficient water to 
form the reaction mixture into a desired shape. 

Background 

[0002] Molecular sieves are a commercially important 
class of crystalline materials. They have distinct crystal 
structures with ordered pore structures which are dem- 
onstrated by distinct X-ray diffraction patterns. The crys- 
tal structure defines cavities and pores which are char- 
acteristic of the different species. Natural and synthetic 
crystalline molecular sieves are useful as catalysts and 
adsorbents. The adsorptive and catalytic properties of 
each molecular sieve are determined in part by the di- 
mensions of its pores and cavities. Thus, the utility of a 
particular molecular sieve in a particular application de- 
pends at least partly on its crystal structure. Because of 
their unique sieving characteristics, as well as their cat- 
alytic properties, molecular sieves are especially useful 
in such applications as gas drying and separation and 
hydrocarbon conversion. The term "molecular sieve" re- 
fers to a material prepared according to the present in- 
vention having a fixed, open-network structure, usually 
crystalline, that may be used to separate hydrocarbons 
or other mixtures by selective occlusion of one or more 
of the constituents, or may be used as a catalyst in a 
catalytic conversion process. 

[0003] Prior art methods of preparing crystalline zeo- 
lites typically produce finely divided crystals which must 
be separated from an excess of liquid in which the zeo- 
lite is crystallized. The liquid, in turn, must be treated for 
reuse or else be discarded, with potentially deleterious 
environmental consequences. Preparing commercially 
useful catalytic materials which contain the powdered 
zeolite also normally requires additional binding and 
forming steps. Typically, the zeolite powder as crystal- 
lized must be mixed with a binder material and then 
formed into shaped particles or agglomerates, using 
methods such as extruding, agglomeration, spray dry- 
ing, and the like. These binding and forming steps great- 
ly increase the complexity of catalyst manufacture in- 
volving zeolitic materials. The additional steps may also 
have an adverse effect on the catalytic performance of 
the zeolite so bound and formed. 
[0004] Crystalline zeolites may be divided into two 
general types based on crystal structure considerations. 
One type includes zeolites having a Si0 2 /Al 2 0 3 molar 
ratio in the crystalline lattice typically less than 12, which 
are conventionally prepared without an organic templat- 
ing agent. Many of these zeolites also contain sodalite 
substructures, and have a tetrahedral atom density of 
less than about 15 TO 2 /1000 A 3 . Zeolites having these 
general characteristics include, for example, zeolites A, 
N-A, ZK-4, faujasite, X, Y, ZK-5 and rho. 



[0005] A number of processes have been offered for 
preparing crystalline zeolites of this type within discrete 
particles. For example, HowelL et al., in U. S. Patent 
Number 3,119,660 teaches a method for producing 

5 crystalline metal aluminosilicate zeolite by reacting pre- 
formed bodies of clay particles in an aqueous reactant 
mixture including alkali metal oxide. Similar processes 
for preparing zeolites from formed bodies, which may 
contain zeolitic seed crystals, in alkali solutions are also 

10 taught in U. S. Patent Number 4,424,1 44 to Pryor, etal., 
U. S. Patent Number 4,235,753 to Brown, et al., U. S. 
Patent Number 3,777,006 to Rundell, etal., U. S. Patent 
Number 3,119,659 to Taggart, et al, U.S. Patent No. 
3,773,690 to Heinze, et al., U.S. Patent No 4,977,120 

15 to Sakurada, etal and GB 2 160 517 A. U.S. Patent No. 
3,094,383 teaches a method of forming an A type zeolite 
by aging a homogeneous reaction mixture out of contact 
with an external aqueous liquid phase but under condi- 
tions to prevent the dehydration of the mixture. GB 1 

20 567 856 discloses a method of preparing zeolite A by 
heating an extruded mixture of metakaolin powder and 
sodium hydroxide. 

[0006] In U. S. Patent Number 4,058,586, Chi, et al. 
discloses a method for crystallizing zeolites within 

25 formed particles containing added powdered zeolite, 
where the formed particles furnish all of the liquid need- 
ed for crystallization. Crystallizing the particles in an 
aqueous alkaline solution is not required usingthe proc- 
ess of Chi, et al. 

30 [0007] Verduijn, in WO 92/12928, teaches a method 
of preparing binder-free zeolite aggregates by aging sil- 
ica-bound extruded zeolites in an aqueous ionicsolution 
containing hydroxy ions. According to the disclosure of 
Verduijn, the presence of zeolite crystals in the extru- 

35 date is critical for making strong crystalline zeolite ex- 
trudates. Verduijn, etal., in EPOA1/0 ,284,206, describe 
a method of preparing binderless zeolite L by forming 
silica and preferably 10-50 wt % preformed zeolite L 
crystallites into particles, and then reacting the particles 

40 with an alkaline solution containing a source of alumina 
to form the zeolite L. 

[0008] More recently, similar methods have been pro- 
posed for preparing high silica zeolitic materials. Con- 
ventional methods for preparing high silica materials, 

45 having a Si0 2 /Al 2 0 3 molar ratio of greater than about 
10, and more typically greater than about 20, typically 
involves crystallizing the zeolites from aqueous solution . 
For example, U.S. Patent No. 3,702,886 to Argauer, et 
al., teaches a method of preparing ZSM-5 from a solu- 

50 tion containing tetrapropyl ammonium hydroxide, sodi- 
um oxide, an oxide of aluminum or gallium, an oxide of 
silica or germanium, and water. The digestion of the gel 
particles is carried out until crystals form. The crystals 
are separated from the liquid and recovered. 

55 [0009] A variation of the preparation procedure in- 
volves using clay as a source of alumina in preparing 
high silica zeolites. For example, U.S. Patent No. 
4,091 ,007 discloses a method for preparing a crystalline 
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aluminosilicate zeolite, specifically ZSM-4 or ZSM-5, 
from a reaction mixture where at least about 70 weight 
percent of the alumina is provided by an alumina-con- 
taining clay added to the reaction mixture. EPO 
A2/0, 156,595, discloses the preparation of crystalline 
zeolites having a silica to alumina mole ratio greater 
than 12 and a Constraint Index of 1 to 12 by forming a 
mixture of seed crystals, a source of silica, a source of 
alumina and water into shaped particles, which are then 
crystallized in an aqueous reaction mixture containing 
a source of alkali cations. It is also taught that alumina- 
containing clay may be used as an alumina source. U. 
S. Patent No. 4,522,705 is directed to a catalytic crack- 
ing catalyst comprising an additive prepared by the in- 
situ crystallization of a clay aggregate disclosed in EPO 
A2/0,156,595.U.S. Patent No. 5,1 45,659 teaches meth- 
ods for increasing the silica content of a zeolite support- 
ed on a matrix, where the matrix may be a clay. 
[0010] Special methods for preparing the reaction 
mixture from which a zeolite may be crystallized have 
also been proposed. In U.S. Patent No. 4,560,542 a 
dried hydrogel containing silica and alumina is contact- 
ed with a fluid medium containing an organic templating 
agent and maintained at specified crystallization condi- 
tions to form a crystalline aluminosilicate. 
[0011] In U.S. Patent No. 5,240,892 a reaction mix- 
ture containing at least about 30 weight percent solids 
content of alumina and precipitated silica is taught for 
preparing zeolites. The method of preparing the reaction 
mixture allows agitation of the mixture during crystalli- 
zation, in spite of the high solids content of the mixture. 
[0012] Zeolite crystallization from reaction mixtures 
initially containing a gel-like phase in equilibrium with an 
excess of liquid phase is disclosed in R. Aiello, et al., 
"Zeolite Crystallization from Dense Systems", Materials 
Engineering 1992, Vol. 3, n. 3, pp.407-416. 
[0013] Other approaches to synthesis of crystalline 
zeolites have included preparing the zeolites in an es- 
sentially aqueous-free environment. These non-aque- 
ous methods have been described, for example, in ZE- 
OLITES, 1992, Vol 12, April/May, p. 343; ZEOLITES 
1990, vol 10, November/December, p. 753; ZEOLITES 
1989, vol 9, November, p. 468; Nature, Vol 317(12), 
September 1985, p. 157; and J. Chem. Soc, Chem. 
Commun., 1988, p. 1486. J. Chem. Soc, Chem. Com- 
mun., 1993. p. 659 describes a kneading method for 
synthesizing ZSM-35 in a nonaqueous system, in which 
the amount of liquids used to prepare a crystallization 
mixture is not sufficient to wet all the solid particles so 
that the conglomerate reactant is actually a mixture of 
dry powder and small doughy lumps. 
[001 4] Though some of the methods described above 
reduce the number of steps in crystallizing zeolites, 
none of the cited patents provide a crystallization meth- 
od which combines the ease of forming raw materials 
and a minimum of water into shaped particles, and crys- 
tallizing the zeolites within the shaped particles while 
eliminating an external liquid crystallization phase which 



must be treated or disposed of after the crystallization 
is complete. 

SUMMARY OF THE INVENTION 

[001 5] Accordingly, it is an object of the present inven- 
tion to provide a method for preparing crystalline zeo- 
lites in the form of shaped particles. 
[001 6] It is a further object of the invention to provide 
a method for preparing crystalline zeolites using a min- 
imum of liquid for crystallization. 
[001 7] It is a further object of the invention to provide 
a method for preparing crystalline zeolites while mini- 
mizing an aqueous waste stream. 
[001 8] It is a further object of the invention to provide 
a method for preparing zeolites in the absence of added 
binder. 

[001 9] It is a further object of the invention to provide 
a method for preparing zeolites in commercially useful 
forms without any post crystallization forming steps. 
[0020] It is a further object of the invention to provide 
a method for preparing zeolites having a small crystallite 
size. 

[0021] It is a further object of the invention to provide 
a method for preparing zeolites using reduced amounts 
of a templating agent. 

[0022] It is a further object of the invention to provide 
a method for preparing zeolites at reduced raw material 
costs. 

[0023] These and further objects and advantages, 
which will be apparent to those skilled in the art, are re- 
alized in accordance with the present invention wherein 
a crystalline zeolite is prepared by a method according 
to claim 1 . 

[0024] It is important, in preparing the reaction mixture 
of the present process, that the amount of water present 
in the reaction mixture as prepared forthe crystallization 
step be sufficient to shape the mixture. While it is not a 
requirement to form the mixture into shaped particles 
before the mixture is subjected to crystallization condi- 
tions, it may be desired in many cases to do so. This 
amount of water is less than the amount of water re- 
quired in conventional processes for preparing zeolites. 
Thus, during the crystallization step according to the 
present process, there is no separate liquid phase 
present which must be removed from the crystallized 
material at the end of the crystallization step by, for ex- 
ample filtering or decanting, prior to drying the crystals. 
[0025] The present method is a general method for 
preparing zeolites having a silica/alumina molar ratio 
greater than 12. It is also a general method for preparing 
zeolites using organic templating agents. It is also a gen- 
eral method for preparing zeolites having a constraint 
index of greater than 1 . 

[0026] Among other factors, the present invention is 
based on the discovery of a method for crystallizing ze- 
olites from a reaction mixture containing only enough 
water to form the mixture into a desired shape. Addition- 
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al water beyond that needed to form the shaped parti- 
cles is not necessary for crystallization. Furthermore, I 
have discovered that crystalline zeolites prepared ac- 
cording to the present process require lower levels of 
templating agent and reduced crystallization times rel- 
ative to conventional zeolite crystallization methods. 
Further to my surprise, the zeolites prepared by the 
above described method are present in the shaped par- 
ticles as very small crystallites. 

DETAILED DESCRIPTION OF THE INVENTION 

PREPARING THE REACTION MIXTURE 

[0027] The reaction mixture from which and in which 
the zeolite is crystallized comprises at least one active 
source of silica, an organic templating agent, and suffi- 
cient waterto form the mixture into a desired shape. This 
amount of water is considerably less than that required 
in conventional processes for preparing zeolites. 
The amount of liquid required in the reaction mixture of 
the present invention, where the liquid may include 
aqueous and, optionally, organic liquids, is that amount 
which is needed to adequately blend the mixture. Thus, 
a reaction mixture is prepared by mixing water with ac- 
tive sources of the zeolite to forma uniform mass having 
a heavy paste-like consistency. The active sources will 
be in a form which can be easily blended into a uniform 
mass, and may be, for example, powders, hydrated par- 
ticles, or concentrated aqueous solutions, 
Sufficient water is added to wet all the powders during 
the mixing and kneading steps. Alternatively, sufficient 
water is added that the powders may be kneaded into 
a uniform and generally homogeneous mixture which 
may be formed into shaped particles. It is not necessary 
that all of the active sources be readily soluble in water 
during kneading, since the water added to the active 
sources will be insufficient to make a fluid-like mixture. 
The amount of water added depends on the mixing ap- 
paratus and on the active sources employed. Those fa- 
miliar with the art can readily determine without undue 
experimentation the amount of liquid required to prop- 
erly mix active sources of the zeolite. For example, hy- 
drated sources of the zeolite may require relatively less 
water, and dried sources may require relatively more. 
Though it is preferred that the mixture be blended and 
kneaded until the mixture has a uniform, homogeneous 
appearance, the length of time devoted to kneading the 
mixture is not critical in the present invention. 
[0028] The water content of the reaction mixture after 
blending and kneading may be further adjusted, for ex- 
ample, by drying or the addition of water, to facilitate 
forming shaped particles. 

[0029] The solids content of the reaction mixture will 
depend on the zeolite desired. The zeolite made by the 
present process has a silica to alumina mole ratio of 
greaterthan 12. Zeolites having a very high silica to alu- 
mina ratio are within the scope of the process, included 



zeolites having a silica to alumina mole ratio of greater 
than 100. Also included are zeolites which are essen- 
tially aluminum free. Especially when commercial silica 
sources are used, aluminum is almost always present 

5 to a greater or lesser degree. Thus, by "aluminum free" 
is meant that no aluminum is intentionally added to the 
reaction mixture, e.g., as an alumina or aluminate rea- 
gent, and that to the extent aluminum is present, it oc- 
curs only as a contaminant in the reagents. Other me- 

10 tallic components which may be added to the reaction 
mixture include, for example, titanium, chromium, ger- 
manium, gallium, iron, boron and alkali and alkaline 
earth metals. 

[0030] Typical sources of silicon oxide (Si0 2 ) include 
15 silicates, silica hydrogel, silicic acid, colloidal silica, 
fumed silica, tetraalkyl ortho silicates silica hydroxides, 
precipitated silica and clays. Typical sources of alumi- 
num oxide (Al 2 0 3 ) when used in the reaction mixture 
include aluminates, alumina, and aluminum compounds 
20 such as AICI 3 , AI 2 (S0 4 )3, kaolin clays, and other zeo- 
lites. Titanium, chromium, germanium, gallium, iron, bo- 
ron can be added in forms corresponding to their alumi- 
num and silicon counterparts. Salts, particularly alkali 
metal halides such as sodium chloride, can be added to 
25 or formed in the reaction mixture. They are disclosed in 
the literature as aiding the crystallization of zeolites 
while preventing silica occlusion in the lattice. 
[0031] An organic templating agent capable forming 
the zeolite may be included in the reaction mixture. Typ- 
30 ically, thetemplating agent will bean organic compound 
which contains nitrogen or phosphorus. The sources of 
organic nitrogen-containing cations may be primary, 
secondary or tertiary amines or quaternary ammonium 
compounds, depending on the particular zeolite product 
35 to result from crystallization from the reaction mixture. 
Non-limiting examples of quaternary ammonium com- 
pounds include salts of tetramethylammonium, tetrae- 
thylammonium, tetrapropylammonium, tetrabutylam- 
monium, diethylammonium, triethylammonium, deben- 
40 zylammonium, dibenzyldimethylammonium, diben- 
zyldiethylammonium, benzyltrimethylammonium and 2- 
(hydroxylalkyl)trialkylammonium, where alkyl is methyl, 
or ethyl or a combination thereof. Non-limiting examples 
of amines useful in the present process includethecom- 
45 pounds of trimethylamine, triethylamine, tripropylamine, 
ethylenediamine, propanediamine, butanediamine, 
pentanediamine, propanediamine, butanediamine, 
pentanediamine, hexanediamine, methylamine, ethyl- 
amine, propylamine, butylamine, dimethylamine, di- 
sc ethylamine, dipropylamine, benzylamine, aniline, pyrid- 
ine, piperidine and pyrrolidine. Amines useful herein are 
those having a PK a in the range of between about 7 and 
about 12. It is an important feature of the present inven- 
tion that the amount of templating agent required for the 
55 crystallization step is reduced relative to conventional 
zeolitic crystallization procedures. Thus, the molar ratio 
of templating agent to silica in the reaction mixture will 
be in the range of up to about 0.5, preferably from about 
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0.01 to about 0.5, more preferably from about 0.01 to 
about 0.3. 

[0032] The reaction mixture may also comprise one 
or more active sources of alkali metal oxide. Sources of 
lithium, sodium and potassium, are preferred. Any alkali 
metal compound which is not detrimental to the crystal- 
lization process are suitable here. Non-limiting exam- 
ples include oxides, hydroxides, nitrates, sulfates, hal- 
ogen ides, oxalates, citrates and acetates. In the reac- 
tion mixture, the alkali metal/silica molar ratio is prefer- 
ably in the range from zero (0) to about 0.5 and more 
preferably in the range from about 0.05 to about 0.3. The 
alkali metal compound may also contribute OH". Gen- 
erally, zeolite synthesis is facilitated by the presence of 
OH - in the reaction mixture at a molar ratio OH7Si0 2 of 
about 0.05 to about 0.4, and preferably from about 0.05 
to about 0.3. 

[0033] In the preferred method of the present zeolite 
synthesis, a reaction mixture is formed containing one 
or more sources of alkali metal oxide, organic nitrogen- 
containing cations, hydrogen ions, an oxide of silicon, 
water, and optionally, an oxide of aluminum. In general, 
the reaction mixture will have a pH of at least 7, and 
preferably between about 8 and 14. 

FORMING THE SHAPED PARTICLES 



crystallization within the shaped particle. Indeed, it may 
be preferable to remove some of the excess water from 
the shaped particles prior to crystallization. 
Convention methods for drying wet solids can be used 
5 to dry the shaped particles, and may include, for exam- 
ple drying inairoran inert gassuch as nitrogen or helium 
at temperatures below about 200°C and at pressures 
from subatmospheric to about 5 atmospheres pressure. 
[0037] Naturally occurring clays, e.g., bentonite, kao- 
lin, montmorillonite, sepiolite and attapulgite, are not re- 
quired, but may be included in the shaped particles prior 
to crystallization to provide particles having good crush 
strength. Such clays can be used in the raw state as 
originally mined or can be initially subjected to calcina- 
tion, acid treatment or chemical modification. Microcrys- 
talline cellulose has also been found to improve the 
physical properties of the particles. 

ZEOLITE CRYSTALLIZATION 

[0038] According to the present process, zeolites are 
crystallized either within the reaction mixture or within 
the shaped particles made from the reaction mixture. In 
either case, the composition of the mixture from which 
silicon-based zeolites are crystallized has the following 
molar composition ranges: 



15 



20 



Si02/AI 2 0 3 = 12 - oo 
M+/Si0 2 = 0-1 
30 R/Si0 2 = up to 0.5 

OH7SiO z = 0.05 - 0.4 
H 2 0/Si0 2 = 0.5-5 



[0034] The advantage of the present invention is that 
the reaction mixture may be formed into a desired shape 
before the crystallization step, thereby reducing the 
number of process steps required to prepare catalytic 
materials containing the zeolite prepared in the mixture. 
Prior to forming the reaction mixture, it may be neces- 
sary to changethe liquid content of the reaction mixture, 
either by drying or by adding more liquid, in order to pro- 
vide a formable mass which retains its shape. In gener- 
al, for most shaping methods, water will generally com- 
prise from about 20 percent to about 60 percent by 
weight, and preferably from about 30 percent to about 
50 percent by weight of the reaction mixture. 
[0035] In the preforming step, the reaction mixture is 
formed into shaped particles. Methods for preparing the 
particles are well known in the art, and include, for ex- 
ample, extrusion, spray drying, granulation, agglomeri- 
zation and the like. The particles are preferably of a size 
and shape desired for the ultimate catalyst, and may be 
in the form of, for example, extrudates, spheres, gran- 
ules, agglomerates and prills. The particles will gener- 
ally have a cross sectional diameter between about 1/64 
inch and about 1/2 inch, and preferably between about 
1/32 inch and about 1/4 inch, ie. the particles will be of 
a size to be retained on a 1/64 inch, and preferably on 
a 1/32 inch screen and will pass through a 1/2 inch, and 
preferably through a 1/4 inch screen. 
[0036] In the present method, the shaped particles 
prepared from the reaction mixture will contain sufficient 
water to retain a desired shape. Additional water is not 
required in the mixture in order to initiate or maintain 



wherein M+ is a alkali metal cation and R is atemplating 
35 agent. More preferably, the molar composition ranges 
are as follows: 



wherein M+ is a alkali metal cation and R is atemplating 
agent. Even more preferably, the H 2 0/Si0 2 molar com- 
position will range from 1 - 3. 

[0039] As stated above, the liquid present in the reac- 
tion mixture (which may be in the form of shaped parti- 
cles) may be a combination of aqueous and organic liq- 
uids, so long as the specified amount of water is present. 
Since the total liquid content may affect, for example, 
the physical strength of the shaped particles, it is pre- 
ferred that the total volatiles content of the reaction mix- 
ture during crystallization be in the range of between 
about 20% and about 60% (w/w), and preferably be- 
tween about 30% and about 60% (w/w), where the total 
volatiles content is the measure of total volatile liquid, 
including water, in the reaction mixture. It is a feature of 



Si0 2 /Al 2 0 3 = 12 - oo 
M+/Si0 2 = 0.03 - 0.5 
40 R/Si0 2 = 0.01 - 0.3 

OH7Si0 2 = 0.05 -0.3 
H 2 0/Si0 2 =1-4 
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the present process that no additional liquid beyond that 
required to form the shaped particles is required for ze- 
olite crystallization within the particles. 
[0040] Crystallization of the zeolite takes place in the 
absence of an external liquid phase, ie. in the absence 
of a liquid phase separate from the reaction mixture. In 
general, it is not detrimental to the present process if 
some liquid water is present in contact with the reaction 
mixture or with the shaped particles during crystalliza- 
tion. And it can be expected that some water may be on 
thesurface of the shaped particles during crystallization. 
However, it is an objective of the present invention to 
provide a method of crystallizing zeolites in such a way 
as to minimize the amount of water which must be treat- 
ed and/or discarded following crystallization. To that 
end, the present method provides a zeolite synthesis 
method which requires no additional water for crystalli- 
zation beyond a sufficient amount of liquid required to 
form the particles. Indeed, under certain conditions, liq- 
uid water present during crystallization may alter the 
form of the shaped particles, and, in extreme circum- 
stances, may cause the shaped particles to lose their 
integrity or to dissolve. Thus, the amount of liquid em- 
ployed during crystallization is dictated largely by the re- 
quirements for forming shaped particles from active 
sources of the crystalline zeolite. 
[0041] Crystallization is conducted at an elevated 
temperature and usually in an autoclave so that the re- 
action mixture is subject to autogenous pressure until 
the crystals of zeolite are formed. The temperatures dur- 
ing the hydrothermal crystallization step are typically 
maintained from about 80°C. to about 200°C, prefera- 
bly from about 90°C. to about 180°C. and more prefer- 
ably from about 1 00°C. to about 1 70°C. 
It is an important feature of the present process that the 
crystallization of zeolites is frequently accelerated rela- 
tive to conventional crystallization methods. Thus, the 
crystallization time required to form crystals will typically 
range from about 1 hour to about 10 days, and more 
frequently from about 3 hours to about 4 days. 
Under certain circumstances, crystallization times of 
less than 24 hours are required to prepare crystallized 
material of high crystallinity. In the present method, the 
crystallized material collected following the crystalliza- 
tion step will typically comprise at least about 50 weight 
percent crystals. Crystallized material containing at 
least about 80 weight percent crystals, and even at least 
about 90 weight percent crystals, may also be prepared 
using the present method. 

[0042] Once the zeolite crystals have formed, the 
crystals may be water-washed and then dried, e.g., at 
90°C. to 1 50°C. for from 8 to 24 hours. The drying step 
can be performed at atmospheric or subatmospheric 
pressures. 

SEED CRYSTALS 

[0043] The zeolites of the present process are crys- 



tallized within the reaction mixture, which comprises 
amorphous, non-crystalline reagents. Crystalline mate- 
rial (ie. "seed" crystals) may be added to the mixture pri- 
or to the crystallization step, and methods for enhancing 

5 the crystallization of zeolites by adding "seed" crystals 
are well known. However, the addition of seed crystals 
is not a requirement of the present process. Indeed, it 
is an important feature of the present process that zeo- 
lites can be crystallized within the reaction mixture in the 

10 absence of crystals added prior to the crystallization 
step. 

DESCRIPTION OF ZEOLITES 

15 [0044] In the most general embodiment, the present 
method is applicable to the synthesis of zeolites having 
a silica/alumina molar ratio greater than 12. In a more 
specific embodiment, the method is useful for preparing 
silicate and aluminosilicate zeolites having a Constraint 

20 Index of greater than about 1 . The Constraint Index as 
used herein is defined in J. Catalysis 67, page 218 and 
also disclosed in U.S. Patent No. 4,481,177. 
[0045] Specific, non-limiting examples of crystalline 
zeolites which may be prepared by the present method 

25 include ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23 : 
ZSM-35, ZSM-38, Beta, SSZ-32, and other similar ma- 
terials. 

[0046] According to the present process, a reaction 
mixture is prepared having a composition, in terms of 
30 mole ratios, falling within the following ranges: 





Broad 


Preferred 


Y0 2 /W 2 0 3 


12 - oo 


12 -oo 


M + /Y0 2 


0 - 1 


0.04-0.7 


R/Y0 2 


up to 0.5 


0.01 - 0.3 


0H7Y0 2 


0.05 - 0.4 


0.05 - 0.3 


H 2 0/Y0 2 


0.5-5 


1 - 4 



[0047] Y is silicon, germanium or both, W is alumi- 
num, boron, gallium, iron, or a mixture thereof, M + is an 
alkali metal ion, preferably sodium and R is atemplating 
agent. The type of zeolite crystallized from the reaction 
mixture depends on a number of factors, including crys- 
tallization conditions, specific composition of the reac- 
tion mixture and the type of templating agent used. 
[0048] Zeolite ZSM-5 and the conventional prepara- 
tion thereof are described in U.S. Patent No. 3,702,886, 
the disclosure of which is incorporated herein by refer- 
ence. The reaction mixture from which ZSM-5 can be 
suitably prepared is formed by mixing sources of silica 
and alumina with atemplating agent, preferably tetrap- 
ropylammonium hydroxide, and sources of an alkali 
metal oxide, preferably sodium oxide. 
[0049] Zeolite SSZ-35, and the conventional prepara- 
tion thereof, are disclosed in pending patent application 
U.S. Serial No. 959,205, the disclosure of which is in- 
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corporated herein by reference. The aqueous reaction 
mixture prepared in the process for making SSZ-35 ze- 
olites contains sources of an alkali metal oxide : a rela- 
tively rigid polycyclic ring system templating agent hav- 
ing a quaternary nitrogen heteroatom (eg. N ; N-dime- 
thyl-4-azoniatricyclo[5.2.2.0( 2 ' 6 )] undec-8-ene cation), 
an oxide of aluminum, boron, gallium, iron or mixtures 
thereof, and an oxide of silicon or germanium, ormixture 
of the two. 

[0050] Zeolite Beta and the conventional preparation 
thereof are described in U.S. Patent No. 3,308,069, the 
disclosure of which is incorporated herein by reference. 
The reaction mixture from which zeolite Beta can be 
suitably prepared is formed by mixing sources of silica 
and alumina with a templating agent, preferably tetrae- 
thylammonium hydroxide (TEAOH), and sources of an 
alkali metal oxide, preferably sodium oxide. The crystal- 
lization procedures can be satisfactorily carried out at 
temperatures within the range from about 75 °Cto about 
200°C. Heating under autogenous pressure is carried 
out until desired crystalline zeolite product is formed. 
[0051] Zeolite ZSM-1 2 and the conventional prepara- 
tion thereof are described in U.S. Patent No. 3,832,449, 
the disclosure of which is incorporated herein by refer- 
ence. Zeolite ZSM-1 2 can be suitably prepared by pre- 
paring a reaction mixture containing tetraethyl ammoni- 
um cations, sodium oxide, an oxide of aluminum or gal- 
lium, an oxide of silica or germanium, and water. There- 
after, the crystals are separated from the liquid and re- 
covered. 

[0052] Typical reaction conditions consist of heating 
the foregoing reaction mixture to a temperature of from 
about 80°C to 1 80°C for a period of time of from about 

1 hour to 1 0 days. A more preferred temperature range 
is from about 1 50 °C to 1 70°C with the amount of time 
at a temperature in such a range being from about 3 
hours to 4 days. 

[0053] ZSM-22 and the conventional preparation 
thereof are described in U.S. Patent No. 4,556,477, the 
disclosure of which is incorporated herein by reference. 
Zeolite ZSM-22 can be suitably prepared by preparing 
a reaction mixture containing an alkali metal oxide, a 
source of silica, an organic compound of an element of 
Group IVB, including nitrogen or phosphorous which 
contains at least one alkyl or aryl group having at least 

2 carbon atoms. The reaction mixture is maintained at 
crystallization conditions until crystals of the zeolite are 
formed. Thereafter, the crystals are separated from the 
liquid and recovered. Typical reaction conditions consist 
of heating the foregoing reaction mixture to a tempera- 
ture of from about 80°C to 200°C for a period of time of 
from about 1 hour to 10 days. 

[0054] Silicalite and the conventional preparation 
thereof are described in U.S. Patent No. 4,073,865, the 
disclosure of which is incorporated herein by reference. 
Furthermore, the reaction mixture used in the prepara- 
tion of silicalite has no added active sources of alumina. 
Thus, the sources of alumina in the reaction mixture are 



present at very low, ie. impurity, levels. The templating 
agent useful for the crystallization of silicalite is prefer- 
ably a quaternary cation having the formula (R 4 X) + , in 
which each R represents hydrogen or an alkyl group 

5 containing from 2 to 6 carbon atoms, and X represents 
phosphorus or nitrogen. The reaction mixture thus pro- 
vided is heated at a temperature of from 100°Cto200°C 
until a crystalline hydrated precursor is formed, usually 
about 1 hour to 10 days, isolating said crystalline pre- 

10 cursor and calcining same at a temperature of from 
400°Cto 1000°C. 

[0055] Zeolite ZSM-1 1 and the conventional prepara- 
tion thereof are described in U.S. Patent No. 3,709,979, 
the disclosure of which is incorporated herein by refer- 

15 ence. Zeolite ZSM-23 and the conventional preparation 
thereof are described in U.S. Patent No. 4,076,842, the 
disclosure of which is incorporated herein by reference. 
Zeolite ZSM-35 and the conventional preparation there- 
of are described in U.S. Patent No. 4,016,245, the dis- 

20 closure of which is incorporated herein by reference. Ze- 
olite ZSM-38 and the conventional preparation thereof 
are described in U.S. Patent No. 4,046,859, the disclo- 
sure of which is incorporated herein by reference. Zeo- 
lite SSZ-32 and the conventional preparation thereof are 

25 described in U.S. Patent No. 5,053,373, the disclosure 
of which is incorporated herein by reference. 

ZEOLITE CRYSTALLITE SIZE 

30 [0056] An important feature of the present process is 
the small crystallite size of zeolite crystals formed in the 
process. Typically, the zeolite crystals are less than 10 
micron in diameter as determined by Scanning Electron 
Microscopy. Since small crystals are desirable for cer- 
35 tain catalytic applications, crystallization conditions can 
be tailored to product zeolite crystals with diameters of 
less than 1 .0 microns. The crystal size of the zeolite may 
be determined by. for example, grinding the shaped par- 
ticles to separate the individual crystals. High resolution 
40 electron micrographs of the separated crystals can then 
be prepared, after which the average size of individual 
zeolite crystals can be determined by reference to cali- 
brated length standards. An average crystal size may 
then be computed in various well-known ways, includ- 
45 jng: 

Nwnbex Average* * UiZ3iXLi) 

where n, is the number of zeolite crystals where mini- 
mum length falls within an interval Lj. For purposes of 
this disclosure, average crystal size will be defined as a 
55 number average. It is important to note that for purposes 
of this invention, zeolite crystal size is distinguished from 
what some manufacturers term "zeolite particle size", 
the latter being the average size of all particles, including 
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both individual crystals and polycrystalline agglomer- 
ates, in the as-produced zeolite powder. 
[0057] Typically, the zeolite crystals are less than 10 
micron in diameter as determined by Scanning Electron 
Microscopy. Since small crystals are desirable for cer- 
tain catalytic applications, crystallization conditions can 
be tailored by, for example, reducing crystallization tem- 
perature, by increasing aluminum content in the reaction 
mixture, and/or by reducing the water content of the re- 
action mixture or the shaped particles prior to crystalli- 
zation, to produce zeolite crystals with diameters of less 
than 1 .0 micron. 

ZEOLITE POST-TREATMENT 

[0058] A crystallized material containing crystals of 
zeolite are prepared in the process as described above. 
The synthetic zeolite can be used as synthesized or can 
be thermally treated (calcined). Usually, it is desirable 
to remove the alkali metal cation by ion exchange and 
replace it with hydrogen, ammonium, or any desired 
metal ion. The zeolite can be leached with chelating 
agents, e.g., EDTA or dilute acid solutions, to increase 
the silica:alumina mole ration. These methods may also 
include the use of (NH 4 ) 2 SiF 6 or acidic ion-exchange 
resin treatment. The zeolite can also be steamed; 
steaming helps stabilize the crystalline lattice to attack 
from acids. The zeolite can be used in intimate combi- 
nation with hydrogenating components, such as tung- 
sten, vanadium, molybdenum, rhenium, nickel, cobalt, 
chromium, manganese, or a noble metal, such as pal- 
ladium or platinum, for those applications in which a hy- 
drogenation-dehydrogenation function is desired. Typi- 
cal replacing cations can include metal cations, e.g., 
rare earth, Group IA, Group MA and Group VIII metals, 
as well as their mixtures. Of the replacing metallic cati- 
ons, cations of metals such as rare earth, Mn, Ca, Mg, 
Zn, Ga, Cd, Pt, Pd, Ni, Co, Ti, Al, Sn, Fe and Co are 
particularly preferred. 

[0059] The hydrogen, ammonium, and metal compo- 
nents can be exchanged into the zeolite. The zeolite can 
also be impregnated with the metals, or the metals can 
be physically intimately admixed with the zeolite using 
standard methods known to the art. And, the metals can 
be occluded in the crystal lattice by having the desired 
metals present as ions in the reaction mixture from 
which the zeolite is prepared. 

[0060] Typical ion exchange techniques involve con- 
tacting the synthetic zeolite with a solution containing a 
salt of the desired replacing cation or cations. Although 
a wide variety of salts can be employed, chlorides and 
other halides, nitrates, and sulfates are particularly pre- 
ferred. Representative ion exchange techniques are 
disclosed in a wide variety of patents including U.S. Pat. 
Nos. 3,140,249; 3,140,251; and 3,140,253. Ion ex- 
change can take place either before or after the zeolite 
is calcined. 

[0061] Following contact with the salt solution of the 



desired replacing cation, the zeolite is typically washed 
with water and dried at temperatures ranging from 65 
C. to about 315 C. After washing, the zeolite can be cal- 
cined in air or inert gas at temperatures ranging from 
5 about 200 C. to 820 C. for periods of time ranging from 
1 to 48 hours, or more, to produce a catalytically active 
product especially useful in hydrocarbon conversion 
processes. 

[0062] Regardless of the cations present in the syn- 
10 thesized form of the zeolite, the spatial arrangement of 
the atoms which form the basic crystal lattice of the ze- 
olite remains essentially unchanged. The exchange of 
cations has little, if any, effect on the zeolite lattice struc- 
tures. 

15 [0063] The zeolites may be used as catalysts, without 
additional forming, when the shaped particles, formed 
from the reaction mixture described hereinbefore, are of 
a size and shape desired for the ultimate catalyst. Alter- 
natively, the zeolite can be composited with other mate- 
20 rials resistant to the temperatures and other conditions 
employed in organic conversion processes, using tech- 
niques such as spray drying, extrusion, and the like. 
Such matrix materials include active and inactive mate- 
rials and synthetic or naturally occurring zeolites as well 
25 as inorganic materials such as clays, silica and metal 
oxides. The latter may occur naturally or may be in the 
form of gelatinous precipitates, sols, or gels, including 
mixtures of silica and metal oxides. Use of an active ma- 
terial in conjunction with the synthetic zeolite, i.e., com- 
30 bined with it, tends to improve the conversion and se- 
lectivity of the catalyst in certain organic conversion 
processes. Inactive materials can suitably serve as dilu- 
ents to control the amount of conversion in a given proc- 
ess so that products can be obtained economically with- 
35 out using other means for controlling the rate of reaction. 
Frequently, zeolite materials have been incorporated in- 
to naturally occurring clays, e.g., bentonite and kaolin. 
These materials, i.e., clays, oxides, etc.. function, in 
part, as binders for the catalyst. It is desirable to provide 
40 a catalyst having good crush strength, because in pe- 
troleum refining the catalyst is often subjected to rough 
handling. This tends to break the catalyst down into 
powders which cause problems in processing. 
[0064] Naturally occurring clays which can be com- 
45 posited with the synthetic zeolites of this invention in- 
clude the montmorillonite and kaolin families, which 
families include the sub-bentonites and kaolins com- 
monly known as Dixie, McNamee, Georgia and Florida 
clays or others in which the main mineral constituent is 
50 halloysite, kaolinite, dickite, nacrite, oranauxite. Fibrous 
clays such as sepiolite and attapulgite can also be used 
as supports. Such clays can be used in the raw state as 
originally mined or can be initially subjected to calcina- 
tion, acid treatment or chemical modification. 
55 [0065] In addition to the foregoing materials, the zeo- 
lite prepared by the present method can be composited 
with porous matrix materials and mixtures of matrix ma- 
terials such as silica, alumina, titania, magnesia, silica- 
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alumina, silica-magnesia, silica-zirconia, silica-thoria, 
silica-beryllia, silica-titania, titania-zirconia as well as 
ternary compositions such as silica-alumina-thoria, sili- 
ca-alumina-zirconia, silica-alumina-magnesia and sili- 
ca-magnesia-zirconia. The matrix can be in the form of 
a cogel. 

[0066] The zeolite can also be composited with other 
zeolites such as synthetic and natural faujasites (e.g.,X 
and Y), erionites, and mordenites. They can also be 
composited with purely synthetic zeolites such as those 
of theZSM, EU ; FU, and NU series. The combination of 
zeolites can also be composited in a porous inorganic 
matrix. 

[0067] Zeolites prepared in the present process are 
useful in hydrocarbon conversion reactions. Hydrocar- 
bon conversion reactions are chemical and catalytic 
processes in which carbon containing compounds are 
changed to different carbon containing compounds. Ex- 
amples of hydrocarbon conversion reactions include 
catalytic cracking, hydrocracking, and olefin and aro- 
matics formation reactions, including formation from ox- 
ygenates. The catalysts are useful in other petroleum 
refining and hydrocarbon conversion reactions such as 
isomerizing n-paraffins and naphthenes, polymerizing 
and oligomerizing olefinic oracetylinic compounds such 
as isobutylene and pentene-1, reforming, alkylating, 
isomerizing polyalkyl substituted aromatics (e.g. meta 
xylene), and disproportionating aromatics (e.g. toluene) 
to provide mixture of benzene, xylenes and higher meth- 
ylbenzenes. 

EXAMPLES 

Example 1 

[0068] To 100 grams of silica (Hi-Sil 233, a hydrated 
silica manufactured by PPG) were added 8 grams of ka- 
olin clay powder (53.7 wt% Si0 2 , 42.5 wt% Al 2 0 3 ) and 
60 grams of a 40 wt% aqueous solution of tetrapropy- 
lammonium hydroxide (TPAOH) and mixed for one hour 
in a Baker-Perkins mixer. Then 0.34 grams of boric acid 
(H3B03) were dissolved in 25 grams of water and add- 
ed to the above mixture along with 5.8 grams of a 50 
wt% aqueous solution of NaOH. 
[0069] Mixing continued for another 30 minutes. The 
molar ratios in the synthesis mix were as follows: 

TPA + /Si0 2 = 0.074 
OH7SiO 2 = 0.12 
Na+/Si0 2 = 0.045 
Si0 2 /Al 2 0 3 = 48 
H 2 0/Si0 2 = 2.6 

[0070] The mixture was then extruded through a 
1/1 6-inch die. The extrudate was placed in a sealed Te- 
flon bottle and heated at autogenous pressure at 1 00°C 
for four days. 

The extrudate was then dried overnight at 110°C in a 



vacuum oven and calcined in air at 538°C for eight 
hours. The product was identified as about 1 00% ZSM- 
5 by X-ray diffraction analysis, and was composed of 
particles about 0.2 microns in diameter as determined 
5 by scanning electron microscopy (SEM). Sodium was 
1 .5 wt%. The crush strength of the extrudate was 2.1 lb/ 
mm. 

Example 2 

10 

[0071] To 50 grams of Hi-Sil 233 were added 4 grams 
of kaolin clay powder and mixed for five minutes in a 
Baker-Perkins mixer. Four grams of a 50 wt% aqueous 
solution of NaOH were added and mixed another ten 
15 minutes. To this mixture were added 45 grams of a 40 
wt% aqueous solution of TPAOH and mixing continued 
another 15 minutes. The mixture was extruded through 
a 1/16-inch die and air dried for one hour before being 
placed in a sealed Teflon bottle in a stainless steel pres- 
to sure vessel and heated at 100°C for four days at autog- 
enous pressure. The extrudate was then dried overnight 
in a vacuum oven at 110°C and calcined in air at 538°C 
for eight hours. The product was identified as about 
1 00% ZSM-5 by X-ray diffraction analysis. The average 
25 particle size as 

Example 3 

[0072] To 50 grams of Hi-Sil 233 were added 2 grams 
30 of 50% NaOH and mixed for five minutes in a Baker- 
Perkins mixer. To this were added 3 grams of microc- 
rystalline cellulose (Avicel, manufactured by FMC Cor- 
poration) along with 30 grams of a 40 wt% aqueous so- 
lution of TPAOH and mixed for 15 minutes. Then 0.17 
35 grams of H3B03 were dissolved in 15 grams of water 
and this solution added to the above mix with mixing for 
an additional 10 minutes. Molar ratios in the synthesis 
mix were as follows: 

40 TPA+/Si0 2 = 0.074 
OH7Si0 2 = 0.11 
Na+/Si0 2 = 0.033 
H 2 0/Si0 2 = 2.5 

45 [0073] The mixture was extruded through a 1/1 6-inch 
die. The extrudate was equally divided with each half 
placed in a Teflon bottle in a stainless steel pressure 
vessel and heated forfour days at autogenous pressure. 
The first sample was run at 100°C and the second at 

50 1 20°C. The products was dried overnight at 1 1 0°C in a 
vacuum oven and calcined in air for eight hours at 
538°C. Both products were found by X-ray diffraction 
analysis to be about 100% silicalite. SEM showed the 
zeolite made at 1 00°C to have an average particle size 

55 of about 0.2 microns while that made at 120°C had an 
average particle size of about 0.4 microns. The crush 
strength of the first extrudate was 1 .3 lb/mm while that 
of the second was 0.9 lb/mm. 
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Example 4 

[0074] To 50 grams of Hi-Si 1 233 were added 4 grams 
of sepiolite clay powder (Tolsa) and mixed for 5 minutes 
in a Baker- Perkins mixer. Then 30 grams of a 40 wt% 
aqueous solution of TPAOH were added with mixing for 
15 minutes. Next 0.1 7 grams of H3B03 were dissolved 
in 9 grams of water and this solution along with 4 grams 
of a 50 wt% aqueous solution of NaOH were added to 
the above mixture and mixed an additional 10 minutes. 
The mixture was extruded through a 1/16-inch die. Mo- 
lar composition of the extrudate was as follows: 

TPA+/Si0 2 = 0.074 
OH7SiO 2 = 0.13 
Na+/Si0 2 - 0.066 
SiO 2 /AI 2 O 3 = 310 
H 2 0/Si0 2 = 2.3 

[0075] The extrudate was placed in a Teflon bottle in 
a stainless steel pressure vessel and heated for four 
days at 1 00°C and autogenous pressure. The extrudate 
wasthen dried overnight at 11 0°C in a vacuum oven and 
calcined in air at 538°C for eight hours. X-ray diffraction 
analysis showed the product to be about 100% ZSM- 
5. The average particle size from SEM was below 0.1 
microns. The crush strength of the extrudate was 4.4 lb/ 
mm. 

Example 5 

[0076] To 800 grams of Hi-Sil 233 were added 64 
grams of a 50 wt% aqueous solution of NaOH and 64 
grams of kaolin clay powder and mixed for 30 minutes 
in a Baker-Perkins mixer. To this was added a solution 
of 2.4 grams of H3B03 dissolved in 200 grams of water 
along with 480 grams of a 40 wt% aqueous solution of 
TPAOH with mixing for about 90 minutes. Three hun- 
dred grams of water were then added gradually over the 
next three hours with mixing. Mixing continued for an- 
other half hour with the mixer walls heated to 1 00°C to 
reduce the volatiles content of the mix (measured on a 
small sample at about 427 °C) to 52.5%. The mix was 
then extruded through a multiple-holed 1/16-inch die. 
About one-third of the extrudate was allowed to air dry 
at room temperature to 44.7% volatiles. Molar compo- 
sition of the extrudate was as follows: 

TPA+/Si0 2 = 0.074 
OH7Si0 2 = 0.12 
Na+/Si0 2 = 0.063 
Si0 2 /Al 2 0 3 = 48 
H 2 0/Si0 2 = 2.2 

[0077] Both portions were placed in Teflon bottles in 
stainless steel pressure vessels and heated at 100°C 
and autogenous pressure for four days. The extrudates 
were dried at 110°C in a vacuum oven overnight and 



calcined in airfor eight hours at 538°C. X-ray diffraction 
analysis showed both samples to be about 1 00% ZSM- 
5. The average particle size by SEM of the sample which 
was not air dried before crystallization was about 0.2 mi- 
5 crons and the extrudate crush strength 1 .0 lb/mm. The 
average particle size of the sample which was air dried 
was less than 0.1 microns and the extrudate crush 
strength was 3.1 lb/mm. 

10 Example 6 (comparative) 

[0078] In this example, zeolite was crystallized in-ex- 
trudate without the use of a high pressure autoclave. 50 
grams of Hi-Sil 233 were mixed with 4 grams of kaolin 
15 clay powder in a Baker-Perkins mixer for 5 minutes. 
Then 30 grams of a 40 wt% aqueous solution of TPAOH 
were added and mixed for 15 minutes. Asolution of 0.17 
grams H3B03 dissolved in 15 grams of water was add- 
ed along with 4 grams of a 50 wt% aqueous solution of 
20 NaOH and mixing continued for 10 minutes. The mix 
was extruded and the extrudate then placed on a screen 
through which steam was passed from the bottom. After 
four days, the extrudate was dried overnight at 1 1 0°C in 
a vacuum oven and calcined in air for eight hours at 
25 538°C. The product was identified as ZSM-5 by X-ray 
diffraction analysis. The average particle size by SEM 
was about 0.3 microns. 

Example 7 

30 

[0079] An extrudate made similar to that of Example 
1 was impregnated with 0.8 wt% Ptby the pore-fill meth- 
od using an aqueous solution of Pt(NH 3 ) 4 (N0 3 ) 2 . The 
catalyst was then dried overnight in a vacuum oven at 
35 110°C and calcined in dry air for 4 hours at 204°C, 4 
hours at 260°C, and 4 hours at 288°C. The catalyst was 
used to reform a 100.6 research octane number (RON) 
reformate (Table I) at 70 psig, 1 .3 LHSV, and a hydrogen 
to fresh feed hydrocarbon (H2/HC) ratio of 1 . The cata- 
40 lyst was tested both unsulfided andsulfided. Unsulfided, 
a 107 RON was obtained at a catalyst temperature of 
770 F with a C5+ yield of 85.7 wt%. After sulfiding, the 
required catalyst temperature for 107 RON rose to 
915°F, but the C5+ increased to 93 wt%. 

45 

Example 8 

[0080] To 50 grams of Hi-Sil 233 were added 4 grams 
of kaolin clay powder and mixed in a Baker-Perkins mix- 

50 er for 5 minutes. Then 6 grams of NaAI0 2 were dis- 
solved in 30 grams of a 40 wt% aqueous solution of 
tetraethylammonium hydroxide (TEAOH) with heating 
and added to the above along with one gram of a 50 
wt% aqueous solution of NaOH and mixed for about 1 5 

55 minutes. 15 more grams of 40% TEAOH were added, 
followed by 3.2 grams of NaN0 3 and 5 grams of water 
with mixing for an additional 30 minutes. Molar ratios in 
the synthesis mix were as follows: 
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TEA+/SiO 2 = 0.15 
OH7SiO 2 = 0.18 
Na + /Si0 2 = 0.17 
Si0 2 /Al 2 0 3 = 15 
H 2 0/Si0 2 = 2.7 

[0081] The mix was extruded through a 1/1 6-inch die 
and placed in a Teflon bottle in a stainless steel pressure 
vessel and heated at 1 50°C forfour days at autogenous 
pressure. The extru dates were washed with water, dried 
overnight in a vacuum oven at 110°C, then calcined in 
air at 538°C for eight hours. X-ray diffraction analysis 
showed the extru date to contain beta zeolite with no oth- 
er crystalline phases. By comparing the peak area from 
20 to 24 degrees 2 theta to that of a commercial refer- 
ence sample, the degree of crystal linity was determined 
to be about 92%. The average particle size by SEM was 
about 0.4 microns. The crush strength of the extrudate 
was 1 .6 lb/mm. 

Example 9 

[0082] To 100 grams of Hi-Sil 233 were added 8 
grams of kaolin clay powder and mixed in a Baker-Per- 
kins mixer for 5 minutes. 12 grams of NaAI0 2 were dis- 
solved with heating in 120 grams of a 40 wt% aqueous 
solution of TEAOH and added to the above with 2 grams 
of a50wt% aqueous solution of NaOH. After 30 minutes 
of mixing . another 30 grams of 40% TEAOH were added 
in which was dissolved 6.4 grams of NaN03. Mixing 
continued for another 30 minutes, then the mix was ex- 
truded through a 1/16-inch die and placed in a Teflon 
bottle in a stainless steel pressure vessel and heated at 
1 00°C and autogenous pressure for four days. The ex- 
trudate was washed with water adjusted to pH 10 with 
NH 4 OH, dried overnight in a vacuum oven at 110°C, 
then calcined in air at 538°C for eight hours. X-ray dif- 
fraction analysis showed the extrudate to contain beta 
zeolite with no other crystalline phases and a degree of 
crystallinity of about 82%. The average particle size by 
SEM was about 0.1 microns. 

Example 1 0 

[0083] To 1 00 grams Hi-Sil 233 were added 3 grams 
of NaAI0 2 and 12 grams of kaolin clay and mixed for 5 
minutes. To this was added 90 grams of a 40 wt% aque- 
ous solution of TEAOH and 2 grams of a 50 wt% aque- 
ous solution of NaOH and mixed for about 15 minutes. 
Another 30 grams of 40% TEAOH were added along 
with 6.4 grams of NaN0 3 and mixed another 30 minutes. 
The mix was extruded, allowed to dry in air at room tem- 
perature for two hours, then re-extruded and allowed to 
dry for one hour. Molar ratios in the extrudate were as 
follows: 

TEA+/Si0 2 = 0.20 
OH7Si0 2 = 0.21 



Na+/Si0 2 = 0.08 
Si0 2 /Al 2 0 3 = 24 

[0084] The extrudate was then placed in a Teflon bot- 
5 tie in a stainless steel pressure vessel and heated to 
150°C at autogenous pressure forfour days. The extru- 
date was washed with water, dried overnight in a vacu- 
um oven at 1 1 0°C, and calcined in air at 538°C for eight 
hours. X-ray diffraction analysis showed the extrudate 
10 to be close to 1 00% beta. 

Example 11 

[0085] A beta extrudate was made similar to that of 
15 Example 8. This was exchanged for two hours at 82°C 
with a four-fold excess of a 1 5 wt% aqueous solution of 
CsN0 3 . The extrudate was then filtered and washed 
with water. It was then exchanged with a solution of Pt 
(NH 3 ) 4 (N0 3 ) 2 to bring the Pt content of the extrudate to 
20 0.6 wt%. The extrudate was then dried overnight in a 
vacuum oven at 1 1 0°C, and calcined in air at 1 49°C for 
two hours, 204°C for two hours, and 288°C for four 
hours. The catalyst was used to reforming n-hexane at 
482 0 C, 1.0 LHSV, 30 psig, and 2 HC/H 2 . At 10 hours 
25 onstream, conversion to benzene was 24 wt%, and se- 
lectivity to aromatics as a percent of C6 paraffin conver- 
sion was 54%. 

Example 12 

30 

[0086] To 600 grams of Hi-Sil 233 were added 26 
grams of NaAI0 2 and mixed in a Baker-Perkins mixer 
for 5 minutes. To this were then added 412 grams of a 
35 wt % aqueous solution of TEAOH, followed by 100 
35 grams of water and 48 grams of a 50 wt % aqueous so- 
lution of NaOH. After 3.5 hours of mixing, 240 grams of 
water were slowly added over a 25 minute period with 
mixing until the mix was uniformly wet. Then 36 grams 
of kaolin clay powder were added and slow mixing con- 
40 tinued with the mixer walls heated to about 60°C until a 
small sample of the mix could be extruded through a 
single-holed 1/32-inch die in a Carver press at 
2500-3000 psi. The mix was then extruded through a 
multiple-holed 1/16-inch die and placed on screens to 
45 dry at room temperature to 45% volatiles. Molar ratios 
in the extrudate were as follows: 

TEA+/Si0 2 = 0.11 
OH7SiO 2 = 0.17 
50 Na+/SiQ 2 = 0.10 
Si0 2 /Al 2 0 3 = 24 
H 2 0/Si0 2 = 2.3 

[0087] The extrudate was then placed in a Teflon bot- 
55 tie in a stainless steel pressure vessel and heated to 
1 50°C at autogenous pressure for 3.5 days. The extru- 
date was then washed with water, dried over night in a 
vacuum oven at 1 20°C, and calcined in air at 593°C for 
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seven hours. X-ray diffraction analysis showed the ex- 
trudate to be about 90% beta. 

Example 13 

[0088] To 600 grams of Hi-Si I 233 in a Baker-Perkins 
mixer were added 1 8 grams of NaAI0 2 and 38.4 grams 
of NaN0 3 and mixed for one hour. To this were added 
72 grams of kaolin clay powder, followed by 600 grams 
of a 40 wt % aqueous solution of TEAOH and 12 grams 
of a 50 wt % aqueous solution of NaOH. Mixing contin- 
ued for 4 hours, after which time 110 grams of water 
were slowly added with mixing to form a thick paste. The 
mixer walls were then heated to about 70°C and slow 
mixing continued until an extrudate could be produced 
from a small sample through a 1/32-inch die in a Carver 
press at 1500 psi. The volatiles level at this point was 
52%. The mix was then extruded through a multiple- 
holed 1 /1 6 inch die and placed on screens to dry to 45% 
volatiles at room temperature. Molar ratios in the extru- 
date were as follows: 

TEA + /Si0 2 = 0.18 
OH7Si0 2 = 0.20 
Na + /Si0 2 = 0.09 
Si0 2 /Al 2 0 3 = 23 
H 2 0/Si0 2 = 2.1 

[0089] About one-fourth of the extrudate was placed 
in a Teflon bottle in a stainless steel pressure vessel and 
heated at 150°C for four days at autogenous pressure. 
Another sample of the extrudate was heated in the same 
manner but for six days at 100°C. The extrudate was 
heated in the same manner but for six days at 100°C. 
The extrudate samples were washed with water, dried 
overnight in a vacuum oven, and calcined in air at 593°C 
for 8 hours. X-ray diffraction analysis identified both 
samples as about 1 00% beta. The average crystal size 
by SEM in both samples was less than 0.2 microns. Both 
extrudates had crush strengths exceeding 2 lb/mm. 

Example 14 

[0090] To 100 grams of Hi-Sil 233 were added 1.0 
grams of NaAI0 2 and 6.0 grams of sepiolite clay powder. 
Then 90 grams of a 40 wt % aqueous solution of TEAOH 
and 2 grams of a 50 wt % aqueous solution of NaOH 
were added with mixing. After 15 minutes of mixing, 11 .4 
grams of NaN0 3 , dissolved in 15 grams of water, were 
added with mixing for an additional 2.5 hours. To one- 
third of this mix was added 5 grams of water with mixing 
for about 15 minutes. The mix was then extruded 
through a 1/1 6-inch die. Molar ratios in the mix were as 
follows: 



Si0 2 /Al 2 0 3 = 1 60 
H 2 0/Si0 2 = 2.9 

[0091] The extrudate was placed in a Teflon bottle in 
5 a stainless steel pressure vessel and heated to 150°C 
at autogenous pressure for three days. The extrudate 
was washed with water adjusted to pH 10 with NH 4 OH, 
dried overnight in a vacuum oven at 1 20°C, and calcined 
in air at 593°C for eight hours. X-ray diffraction analysis 
10 showed the extrudate to consist primarily of ZSM-1 2. 

Example 15 

[0092] 150 grams of Hi-Sil 233 were placed in a Bak- 
15 er-Perkins mixer. To this was added 6.5 grams of 
NaN0 3 . 3.0 grams of kaolin clay powder, and 2.2 grams 
of alumina powder (Reheis F, 52.3 wt % Al 2 0 3 , 47.7 wt 
% water), and mixed for 5 minutes. To this was added 
1 30 grams of a 1 .4 M solution of 1 , 3,3,8, 8-pentamethyl- 
20 3-azoniabicyclo[3.2.1 ]octane hydroxide, followed by 1 2 
grams of a 50 wt % aqueous solution of NaOH, and 
mixed for three hours. An additional 30 grams of the or- 
ganic templatesolution were addedfollowed by theslow 
addition of water over 25 minutes until uniformly wet 
25 clumps were formed. The mixer walls were heated to 
about 60°C and slow mixing continued until the volatiles 
content of the mix was reduced to about 62%. The mix 
was extruded through a 1/1 6- inch die and the extrudate 
air dried to a volatiles content of 50%. Molar ratios were 
30 as follows: 



[0093] The extrudate was placed in a Teflon bottle in 
a stainless steel pressure vessel and heated for 4 days 
40 at autogenous pressure. The extrudate was then 
washed with water adjusted to pH 10 using NH 4 OH, 
dried overnight in a vacuum oven at 1 20°C, and calcined 
in air for 8 hours at 593°C. X-ray diffraction analysis 
identified the crystal phase as that of SSZ-35. 

45 

Claims 

1. A method for preparing a crystalline zeolite, said 
50 method comprising: 

a. preparing a reaction mixture comprising at 
least one active source of a first oxide, Y0 2 , se- 
lected from the group consisting of an oxide of 
silicon, germanium, or both, optionally at least 
one active source of a second oxide, W 2 0 3 , se- 
lected from the group consisting of an oxide of 
aluminium, boron, gallium, iron or a mixture 



TEA+/SiO 2 = 0.16 
OH7SiO 2 = 0.18 
Na + /SiO 2 = 0.11 



25 



R/Si0 2 = 0.098 
OH7Si0 2 = 0.16 
Na+/Si0 2 = 0.10 
35 Si02/AI 2 0 3 = 100 
H 2 0/Si0 2 = 3.7 
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thereof, an organic templating agent, R, capa- 
ble of forming said crystalline zeolite, and suf- 
ficient water to shape said mixture, wherein the 
reaction mixture has the following molar com- 
position ranges: 

Y0 2 /W 2 0 3 = 12 -oo 
R/Y0 2 = up to 0.5 
OH7Y0 2 = 0.05 - 0.4 
H 2 O/YO 2 = 0.5-5;and 

b. shaping the reaction mixture 

c. heating the resulting shaped product in an 
autoclave at crystallization conditions and in 
the absence of a liquid in the autoclave sepa- 
rate from the shaped product for sufficient time 
to form a crystallized material containing crys- 
tals of said zeolite, wherein said zeolite crystals 
have a first oxide/second oxide molar ratio 
greater than 12. 

2. The method of Claim 1 wherein said reaction mix- 
ture during crystallization has a water first oxide mo- 
lar ratio between about 1 and about 4. 

3. The method according to Claim 1 wherein said ze- 
olite has a constraint index of greater than 1 . 

4. The method according to Claim 1 wherein said ze- 
olite crystals within said crystallized material have 
a crystallite size of less than 10 micron. 

5. The method according to Claim 4 wherein said ze- 
olite crystals within said crystallized material have 
a crystallite size of less than 1 .0 microns. 

6. The method according to Claim 1 wherein said crys- 
tallized material comprises greater than about 50 
weight percent crystalline zeolite. 

7. The method according to Claim 6 wherein said crys- 
tallized material comprises greater than about 90 
weight percent crystalline zeolite. 

8. The method according to Claim 1 wherein the reac- 
tion mixture contains no added seed crystals. 

9. The method according to Claim 1 wherein the crys- 
talline zeolite is ZSM-5. 

10. The method according to Claim 1 wherein the crys- 
talline zeolite is Beta zeolite. 

11. The method according to Claim 1 wherein the crys- 
talline zeolite is ZSM-12. 

12. The method according to Claim 1 wherein the crys- 



talline zeolite is silicalite. 

13. The method according to Claim 1 wherein the crys- 
talline zeolite is SSZ-35. 

5 

14. The method according to claim 1 wherein the crys- 
talline zeolite is ZSM-11 . 

15. The method according to claim 1 wherein the crys- 
10 talline zeolite is ZSM-22. 

16. The method according to claim 1 wherein the crys- 
talline zeolite is ZSM-23. 

15 17. The method according to claim 1 wherein the crys- 
talline zeolite is ZSM-38. 

18. The method according to claim 1 wherein the crys- 
talline zeolite is SSZ-32. 

20 

1 9. A method according to claim 1 wherein the reaction 
mixture further comprises a source of an alkali met- 
al cation M + in an amount such that the molar ratio 
of the alkali metal cation to first oxide is up to 1:1. 

25 

20. The method according to Claim 1 9 wherein said re- 
action mixture has the following molar composition 
ranges: 

so Y02/W 2 0 3 = 12 -oo 

M+/Y0 2 = 0.03 -0.5 
R/Y0 2 = 0.01 - 0.3 
OH7Y0 2 = 0.05 - 0.3 
H 2 0/Y0 2 =1-4 

35 

21. The method according to claim 1 , wherein the first 
oxide is silica. 

22. The method according to Claim 1 or21 wherein said 
40 reaction mixture further comprises at least one ac- 
tive source of alumina. 

23. The method according to Claim 22 wherein said ze- 
olite crystals formed in the step of heating said re- 

45 action mixture have a silica/alumina molar ratio in 
the range of 12 to about 5000. 

24. The method according to Claim 1 wherein said re- 
action mixture further comprises at least one active 

50 source of a Group VIII metal. 

25. The method according to Claim 24 wherein said 
Group VIII metal is selected from platinum, palladi- 
um and a combination thereof. 

55 

26. The crystalline zeolite prepared by the method ac- 
cording to Claim 25. 
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27. The method according to Claim 1 wherein the 
shaped crystalline zeolite is a spherical or cylindri- 
cal particle having a cross sectional diameter be- 
tween about 1/64 inch and about 1/2 inch. 

28. The method according to Claim 27 wherein the 
shaped crystalline zeolite is a spherical or cylindri- 
cal particle having a cross sectional diameter be- 
tween about 1/32 inch and about 1/4 inch in diam- 
eter. 

29. The method according to Claim 1 wherein said re- 
action mixture comprises at least one active source 
of alumina wherein the silica/alumina molar ratio in 
the reaction mixture is in the range of 12 



Patentanspruche 

1. Verfahren zur Herstellung eines kristallinen Zeo- 
liths, umfassend 

a) Herstellen einer Reaktionsmischung, enthal- 
tend mindestens eine aktive Quelle des ersten 
Oxids, Y0 2 , ausgewahlt aus der Gruppe der 
Oxide von Silicium, Germanium oder von bei- 
den, gegebenenfalls mindestens einer Quelle 
eines zweiten Oxids, W 2 0 3 , ausgewahlt aus 
derGruppe der Oxide von Aluminium, Bor, Gal- 
lium, Eisen oder einer Mischung hiervon, eines 
organischem Tempi atmittels, R, welches das 
kristalline Zeolith bilden kann, und ausreichend 
Wasserzum Formen der Mischung, wobei die 
Reaktionsmischung in der molaren Zusam- 
mensetzung folgende Bereiche aufweist: 

Y0 2 /W 2 0 3 = 12 -co 
R/Y0 2 = bis zu 0,5 
0H7Y0 2 = 0,05 - 0,4 
H 2 0/Y0 2 = 0,5 - 5 

b) Formen der Reaktionsmischung, und 

c) Erwarmen des resultierenden Formprodukts 
in einem Autoklaven bei Kristallisierungsbedin- 
gungen und in Abwesenheit einer Flussigkeit 
im Autoklaven getrennt vom Formprodukt fur 
einen Zeitraum, dass sich ein kristallines Mate- 
rial mit Kristallen des Zeoliths bildet und das 
Molverhaltnis zwischen ersten und zweiten 
Oxid in den Zeolithkristallen grower als 12 ist. 

2. Verfahren nach Anspruch 1 , wobei bei der Kristalli- 
sation die Reaktionsmischung ein Molverhaltnis 
von Wasser zu erstem Oxid von etwa 1 bis etwa 4 
aufweist. 

3. Verfahren nach Anspruch 1 , wobei der Zeolith eine 
Constraint-Zahl von groGer als 1 hat. 



4. Verfahren nach Anspruch 1, wobei die Zeolithkri- 
stalle in dem kristallierten Material eine Kristallgro- 
fBe von weniger als 10 Mikrometer besitzen. 

5 5. Verfahren nach Anspruch 4, wobei die Zeolithkri- 
stalle in dem kristallisierten Material eine Kristall- 
grofte von weniger als 1 ,0 Mikrometer besitzen. 

6. Verfahren nach Anspruch 1 , wobei das kristallisier- 
10 te Material mehr als 50 Gew.% kristallines Zeolith 

enthalt. 

7. Verfahren nach Anspruch 6, wobei das kristallisier- 
te Material mehr als 90 Gew.% kristallines Zeolith 

15 enthalt. 

8. Verfahren nach Anspruch 1 , wobei die Reaktions- 
mischung keine zugesetzten Kristallkeime enthalt. 

20 9. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith ZSM-5 ist. 

10. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith (3-Zeolith ist. 

25 

11. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith ZSM-12ist. 

12. Verfahren nach Anspruch 1, wobei der kristalline 
30 Zeolith Silicalit ist. 

13. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith SSZ-35. 

35 14. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith ZSM-11 ist. 

15. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith ZSM-22 ist. 

40 

16. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith ZSM-23 ist. 

17. Verfahren nach Anspruch 1, wobei der kristalline 
45 Zeolith ZSM-38 ist. 

18. Verfahren nach Anspruch 1, wobei der kristalline 
Zeolith SSZ-32 ist. 

50 19. Verfahren nach Anspruch 1, wobei die Reaktions- 
mischung zudem eine Quelle eines Alkalimetall- 
Kations M + enthalt in einer solchen Menge, dass 
das Molverhaltnis von Alkalimetall-Kation zu dem 
ersten Oxid bis zu 1 :1 ist. 

55 

20. Verfahren nach Anspruch 19, wobei die Reaktions- 
mischung eine Zusammensetzung in folgenden 
Molbereichen aufweist: 
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Y0 2 /W 2 0 3 = 1 2 - oo 
M+/Y0 2 = 0,03 -0,5 
R/Y0 2 = 0,01 - 0,3 
OH7Y0 2 = 0,05 - 0,3 

H 2 0/Y0 2 = 1-4 5 

21. Verfahren nach Anspruch 1 , wobei das erste Oxid 
Siliciumoxid ist. 

22. Verfahren nach Anspruch 1 oder 21 , wobei die Re- 10 
aktionsmischung zudem mindestens eine aktive 
Quelle von Aluminiumoxid enthalt. 

23. Verfahren nach Anspruch 22, wobei die im Schritt 
der Erwarmung der Reaktionsmischung gebildeten 15 
Zeolithkristalle ein Molverhaltnis von Siliciumoxid 

zu Aluminiumoxid im Bereich von 1 2 bis etwa 5000 
besitzen. 

24. Verfahren nach Anspruch 1 , wobei die Reaktions- 20 
mischung zudem mindestens eine aktive Quelle 
von einem Metall der VIII. Gruppe enthalt. 

25. Verfahren nach Anspruch 24, wobei das Metall der 
VIII. Gruppe ausgewahlt ist aus Platin, Palladium 25 
oder einer Kombination hiervon. 

26. Kristallines Zeolith, hergestellt nach dem Verfahren 
nach Anspruch 25. 

30 

27. Verfahren nach Anspruch 1, wobei das geformte 
kristalline Zeolith kugelformige oder zylindrische 
Teilchen sind mit einem Querschnittsdurchmesser 
zwischen etwa 1/64 Zoll und etwa 1/2 Zoll. 

35 

28. Verfahren nach Anspruch 27, wobei das geformte 
kristalline Zeolith kugelformige oder zylinderformi- 
ge Teilchen sind mit einem Querschnittsdurchmes- 
ser zwischen etwa 1/32 Zoll und etwa 1/4 Zoll. 

40 

29. Verfahren nach Anspruch 1 , wobei die Reaktions- 
mischung mindestens eine aktive Quelle von Alu- 
miniumoxid enthalt, wobei das Molverhaltnis von 
Siliciumoxid zu Aluminiumoxid in der Reaktionsmi- 
schung von 12 bis etwa 5000 liegt. 45 



Revendications 

1. Procede pour la preparation d'une zeolite cristalli- 50 
ne, ledit procede comprenant les etapes 
consistant : 

a. a preparer un melange reactionnel compre- 
nant au moins une source active d'un premier 55 
oxyde, Y0 2 , choisi dans le groupe consistant 
en un oxyde de silicium, un oxyde de germa- 
nium et ces deux oxydes, facultativement au 



moins une source active d'un second oxyde, 
W 2 0 3 , choisi dans le groupe consistant en un 
oxyde d'aluminium, un oxyde de bore, un oxyde 
de gallium, un oxyde de fer et leurs melanges, 
un agent organique servant de modele, R, apte 
a la formation de ladite zeolite cristalline, et une 
quantite d'eau suffisante pour faconner ledit 
melange, ledit melange reactionnel ayant les 
intervalles de composition molaire suivants : 

Y02/W 2 0 3 = 12 - 
R/Y0 2 = jusqu'a 0,5 
OH7Y0 2 = 0,05 -0,4 
H 2 0/Y0 2 = 0,5 -5 ; et 

b. a faconner le melange reactionnel ; et 

c. a chauffer le produit faconne resultant dans 
un autoclave dans des conditions de cristallisa- 
tion et en I'absence dans I'autoclave d'un liqui- 
de distinct du produit fagonne pendant un 
temps suffisant pour la formation d'une matiere 
cristallisee contenant des cristaux de ladite 
zeolite, lesdits cristaux de zeolite ayant un rap- 
port molaire premier oxyde/second oxyde su- 
perieur a 12. 

2. Procede suivant la revendication 1, dans lequel le 
melange reactionnel, au cours de la cristallisation, 
a un rapport molaire eau/premier oxyde compris 
dans I'intervalle d'environ 1 a environ 4. 

3. Procede suivant la revendication 1, dans lequel la 
zeolite a un indice de contrainte superieur a 1 . 

4. Procede suivant la revendication 1 , dans lequel les 
cristaux de zeolite dans la matiere cristallisee ont 
des dimensions de cristallites inferieures a 10 mi- 
crometres. 

5. Procede suivant la revendication 4, dans lequel les 
cristaux de zeolite dans la matiere cristallisee ont 
des dimensions de cristallites inferieures a 1 ,0 mi- 
crometre. 

6. Procede suivant la revendication 1, dans lequel la 
matiere cristallisee comprend plus d'environ 50 % 
en poids de zeolite cristalline. 

7. Procede suivant la revendication 6, dans lequel la 
matiere cristallisee comprend plus d'environ 90 % 
en poids de zeolite cristalline. 

8. Procede suivant la revendication 1, dans lequel le 
melange reactionnel ne contient aucun germe cris- 
tallin ajoute. 

9. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en ZSM-5. 
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10. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en zeolite beta. 

11. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en ZSM-12. 



une source active d'un metal du Groupe VIII. 

25. Procede suivant la revendication 24, dans lequel le 
metal du Groupe VIII est choisi entre le platine, le 
palladium et une de leurs associations. 



12. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en silicalite. 



26. Zeolite cristalline preparee par le procede suivant 
la revendication 25. 



13. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en SSZ-35. 

14. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en ZSM-11 . 

15. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en ZSM-22. 

16. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline consiste en ZSM-23. 



10 27. Procede suivant la revendication 1, dans lequel la 
zeolite cristalline faconnee est sous forme de parti- 
cules spheriques ou cylindriques ayant un diametre 
en section transversale compris dans I'intervalle 
d'environ 1/64 a environ !4 inch. 

15 

28. Procede suivant la revendication 27, dans lequel la 
zeolite cristalline fagonnee est constitute de parti- 
cules spheriques ou cylindriques ayant un diametre 
en section transversale compris dans I'intervalle 
20 d'environ 1/32 inch a environ 1 A inch. 



17. Procede suivant la revendication 1, dans lequel la 29. 
zeolite cristalline consiste en ZSM-38. 

18. Procede suivant la revendication 1, dans lequel la 25 
zeolite cristalline consiste en SSZ-32. 



Procede suivant la revendication 1, dans lequel le 
melange reactionnel comprend au moins une sour- 
ce active d'alumine, le rapport molaire silice/alumi- 
ne dans le melange reactionnel etant compris dans 
Tintervalle de 12 a environ 5000. 



19. Procede suivant la revendication 1, dans lequel le 
melange reactionnel comprend en outre une source 
d'un cation de metal alcalin M + en une quantite telle 30 
que le rapport molaire du cation de metal alcalin au 
premier oxyde soit un rapport allant jusqu'a 1 :1 . 



20. Procede suivant la revendication 13, dans lequel le 
melange reactionnel a les intervalles de composi- 
tion molaire suivants : 



35 



21. 



Y0 2 /W 2 0 3 = 12- 
M+/Y0 2 = 0,03 - 0 ; 5 

R/Y0 2 = 0,01 - 0,3 40 
OH7Y0 2 = 0,05 - 0,3 
H 2 0/Y0 2 =1-4 

Procede suivant la revendication 1, dans lequel le 
premier oxyde consiste en silice. 45 



22. Procede suivant la revendication 1 ou 21 , dans le- 
quel le melange reactionnel comprend en outre au 
moins une source active d'alumine. 

23. Procede suivant la revendication 22, dans lequel 
les cristaux de zeolite formes dans I'etape de chauf- 
fage du melange reactionnel ont un rapport molaire 
silice/alumine compris dans I'intervalle de 12 a en- 
viron 5000. 
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24. Procede suivant la revendication 1, dans lequel le 
melange reactionnel comprend en outre au moins 
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